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ABSTRACT 


The  effect  of  atmospheric  drag  on  the  trajectory  of  a  reentry  body  is 
considered.  The  analysis  is  valid  in  the  high  altitude  regime.  Results  are 
presented  as  the  differential  displacement  and  velocity  from  the  vacuum 
trajectory  for  various  values  of  ballistic  coefficient. 
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h  =  altitude  -  feet 

p(h)  =  atmospheric  density  -  pounds  per  cubic  foot 

S  =  distance  along  trajectory  -  feet 

v  *  velocity  along  trajectory  -  feet  per  second 

3  =  ballistic  coefficient  -  pounds  per  square  foot 

0  =  reentry  angle 

E 

t  =  time  -  seconds 
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The  differential  displacement  of  a  re-entering  body  due  to  atmospheric 
drag  is  considered  in  this  report.  The  situation  considered  is  shown  belowu 
The  body  enters  the  atmosphere  at  an  angle  0  from  the  horizontal  with 
an  initial  velocity  The  altitude,  measured  from  the  earth’s  surface, 

is  h.  The  altitude  h^  is  chosen  large  enough  such  that: 

p(h  )  m  0  (1) 

o 

where  p(h)  is  the  atmospheric  density  as  a  function  of  altitude. 


h 


Neglecting  the  earth's  curvature,  the  effect  of  earth  gravity  and 
atmospheric  drag,  the  trajectory  of  the  re-entering  body  is  a  straight 
line  and  the  displacement  along  the  trajectory  is  given  by: 


h  -  h 
o _ 

sin  0 

Ei 


(2) 
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where 


S  *  v  t  (3) 

o 

Including,  now,  the  effect  of  drag  (but  not  lift),  the  classical 
equation  for  deceleration  due  to  drag  is: 


d v 
dt 


h  p<h)  1,3 


(4) 


Here  v  is  the  instantaneous  velocity  of  the  vehicle  and  3  the  ballistic 
coefficient . 

Constraining  the  analysis  to  the  high  altitude  re-entry  regime  where 

changes  in  v  are  small,  the  drag  force  can  be  calculated  by  assuming 

v  «  v  in  this  regime, 
o 

From  equations  (2)  and  (3) : 
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v  sin  0_ 
o  E 


Substituting  equation  (4)  for  dt,  and  setting  v  «v 
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v  h 

o  o 


2  3  sin  9 
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But: 


dS 

dt 


(9) 


Therefore : 


dS  =  v  dt  + 


v  dt 
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o  2  (3  sin  9 


J  p(h) 


dh 
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from  equation  (8).  Substituting  from  equation  (5) 
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dS  =  Vodt  "  2P(sin  9, 
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dh 


(11) 


Integrating  equation  (11) : 
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But : 


S  =  0 
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f  13  > 


at  h  =  h  .  Thus 
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Now,  in  the  absence  of  the  atmosphere,  equation  (4)  reduces  to: 


T--  0 
dt 


(15) 
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and  the  displacement  is  simply: 


S'  =  v  (t-  t  ) 
o  o 


(16) 


Subtracting  (14)  from  (16)  gives  the  differential  displacement  AS: 


AS  =  S' 


S  2(3(sin  ©£)3 
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For  comparison  the  velocity, 
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derived: 


and  the  deceleration, 
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From  equations  (2)  and  (3): 
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Therefore: 
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Therefore: 


d(AS) 

dt 


23  sin  0T. 


p(h)  dh 


(23) 


The  deceleration  is  found  from  a  second  differentiation: 


d2 (AS)  . 


dt 


23  sin  9r 


fp(h> 


( 24) 


or: 


d2  (AS)  


P(h) 


(25) 


for  three  different  values  of  3.  For  comparison,  an(j  ^  a 

dt  dt2 


dt2  2  3 

The  results  of  this  analysis  are  presented  in  Figure  1,  as  AS  vs.  h 

are 

presented  in  Figures  2  through  3.  Since  this  analysis  applies  only  in 
the  region  where  the  velocity  change  is  small,  the  curves  are  tcrmi’jted 
at  the  appropriate  lowest  altitude  for  the  particular  value  of  3.  The 

5‘C 

atmospheric  density  profile  used  is  known  in  Figure  4  .  The  first  and 
second  integrals  of  the  density  profile  are  given  in  Figures  5  and  6. 
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